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(There is an amendment. ) 

[Problems to be Solved by the Invention] 

Being clean, it offers manufacturing method of optical 
waveguide of plane type whichpossesses optical waveguide of 
organic polymer type which possesses cross section of the 
smooth round. 

[Means to Solve the Problems] 

reactivity oil liquid state prepolymer coating fabric being 
done in only optical waveguide pattern by thecoating fabric 
doing reactivity oil liquid state prepolymer 10 on group board 
1 it possesses optical waveguide pattern which is a oil 
repellancy domain and a lipophilic domain, optical waveguide 
of circular cross section form is formed in the self-aligning 
with surface tension of reactivity oil liquid state prepolymer 
10. 

After that, being clean by hardening reactivity prepolymer, it 
can acquire the optical waveguide of smooth circular cross 
section. 



(b) 7 6 

-r\'v—r-_ 



s S V s 




(d) 9 





Claims 



[Claim(s)] 
[Claim 1] 

manufacturing method, of optical waveguide where on 
group board which possesses the oil repellancy surface 
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vis-a-vis reactivity oil liquid state prepolymer which forms 
optical waveguide, it forms optical waveguide pattern of 
lipophilic surface, coating fabric does aforementioned 
reactivity oil liquid state prepolymer on theaforementioned 
substrate, forms pattern of aforementioned reactivity oil liquid 
state prepolymer of circular cross section form, curing 
reaction does next and forms polymer optical waveguide of 
circular cross section form 

[Claim 2] 

doping doing low index of refraction conversion molecule, 
from periphery of theaforementioned polymer optical 
waveguide, forming gray Ted type optical waveguide, 
manufacturing methodo of optical waveguide which it states 
in Claim 1 which becomes 

[Claim 3] 

Aforementioned substrate being cladding resin layer , curing 
reaction doing, on theaforementioned core furthermore doing 
pad with cladding resin with the polymer optical waveguide 
which it formed as core, forming step type plane optical 
waveguide, the manufacturing methodo of optical waveguide 
which it states in Claim 1 which becomes 

[Claim 4] 

Aforementioned optical waveguide pattern, cross section 
being formed by concave shape circular arc by the etching , 
manufacturing methodo of optical waveguide which is stated 
in Claim 1 whichbecomes 

[Claim 5] 

manufacturing methodo of optical waveguide which is stated 
in Claim 1 where theaforementioned reactivity oil liquid state 
prepolymer, consists of polymer composition which includes 
one which is chosen from any of vinyl type organic 
molecule* siloxane skeleton polymer* and condensation 
polymerization organic molecule, the oil repellancy surface, 
consists of hydrophilic surface or fluoride organic molecule 
surface 

[Claim 6] 

oil repellancy surface on aforementioned substrate it is 
formed by intermediate coating , after polymer optical 
waveguide forming, manufacturing methodo of optical 
waveguide which is stated in Claim 1 where aforementioned 
intermediate coating is excluded and becomes 

[Claim 7] 

Aforementioned intermediate coating, manufacturing 
methodo of optical waveguide which is stated in Claim 6 
which consists of water soluble polymer membrane 

[Claim 8] 
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Specification 
[0001] 

[H0^<7)a-r^ttffi»i?] 

[0002] 

[&*0)&ffi] 

fit*. Kan. *ita«iattfrcfflL^ti** 

[0003] 

±IBCD*77-f/^S?i— iUtligi|lc % Jlfe 

« L fc ^ U- - ^ Jfe 28 m SS(PLC;Planer 
Light-wave Circuit) ^Ev a— JUtfjf tlTl* 



intermediate coating is formed on aforementioned cladding 
resin layer, manufacturing method 0 of the optical waveguide 
which is stated in Claim 1 where aforementioned intermediate 
coating theaforementioned intermediate coating is excluded 
after polymer optical waveguide forming and becomes 

[Claim 9] 

With surface tension of aforementioned reactivity oil liquid 
state prepolymer, endface of theaforementioned polymer 
optical waveguide forming convex spherical surface , 
manufacturing methodo of optical waveguide whichis stated 
in Claim 1 which becomes 

[Claim 10] 

On group board which possesses oil repellancy domain 
vis-a-vis reactivity oil liquid state prepolymer, the optical 
waveguide pattern of lipophilic domain is formed vis-a-vis 
aforementioned reactivity oil liquid state prepolymer, the 
reactivity oil liquid state prepolymer coating fabric is done on 
aforementioned substrate and theaforementioned reactivity oil 
liquid state prepolymer is formed on aforementioned optical 
waveguide pattern, manufacturing methodo of optical 
waveguide which aforementioned reactivity oil liquid state 
prepolymer on aforementioned optical waveguide pattern is 
hardened 



[Description of the Invention] 
[0001] 

[Technological Field of Invention] 

this invention regards manufacturing method of optical 
waveguide which is utilized in the optical communication* 
optical computing etc. 

[0002] 

[Prior Art] 

Until recently, as for semiconductor laser* photodetector* 
or optical switch or other optical device which is used for the 
optical communication * optical computing etc, generally, 
being something which does transmission and reception of the 
signal light by connecting input-output of light with optical 
fiber, optical fiber module or other various optical module 
whichinstalls optical fiber inside module was made. 

[0003] 

On one hand, separately from above-mentioned optical fiber 
module, plane shape lightwave circuit (PLC;Planer 
Light-wave Circuit ) module which accumulated plane optical 
waveguide and semiconductor laser* photodetector or other 
optical functional element which include optical waveguide 
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zo) plc ^vi-;uii,7*>^<0£iMbA< 
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[0004] 

PLC «?a-JU4 % ilz***^ *» 

tttgKBlltffc**©©* ^^lzSBJM0^ 
=i*Hf>«iSxg©»*©ffi 

[0005] 

tt*o>*«SS»^iR(D plc «?a.-;u*H 

6(a) x (b)lC^-To 
[0006] 

H 6(a)(C7*-f cfcdiw.ft&tf) plc tvi-ji/ 
(4, s« ioo ±(c«nEA<£»tt©3i$*-f 5 
Tft^^K* 200 *©»K*« 
K#**r*«>bfc*:a7l 300 *<tttf>ii**u 
37li300*tlto&fr««lc±M*^K 

1 400 4«»J*4*Lfc*©"Cfc'3fc. 
[0007] 

fcilMi, U 6(b)l^^-r<^aiC, ft3fc<7) PLC 
va-jUi, S« 101 ±|ZTffl^^KJi 201 A< 
»fS**U Tffl^vKJf 201 ±lcKffiA<JE» 
tt©«W#**r«fr&£4a7l 301 tfflS 
j££*U37Jf 301 *S«>at.\WI=±«*5? 

Ki 401 a6<»rtaF*ifct©-e*ofc. 

[0008] 

300, 301 <DmWW*#tf&M<D PLC ^va-Jl/ 
ftVXMSlf UJrf&ffXTftft© 

[0009] 

ft$© PLC ^va-;Hzfcl>T. =J7l 300> 
301 ©BiiE»tttf£8M*fc&oTl**©tt,B 



on same substrate is proposed. 

As for this PLCmodule, automation of assembly being 
possible, expectations large as one of compact optical 
module which forms optical waveguide integrated circuit 
equipment. 

[0004] 

PLCmodule, until recently, mainly is developed, as for optical 
waveguide as optical switch, light splitting coupler are those 
of quartz-based which designates quartz as the base and those 
of organic type which designates organic polymeric material 
as base. 

Even among them, as for optical waveguide of organic 
polymer type although there is a problem in heat resistance 
and performance, because it can form transparent film easily, 
expectation is high from several or other aspects of cost and 
the production step. 

[0005] 

PLCmodule of conventional organic polymer type Figure 6 
(a ), is shown in (b ). 

[0006] 

As shown in Figure 6 (a ), as for conventional PLCmodule, 
underside cladding layer 200 where cross section has slot of 
rectangle on substrate 100 is formed, in order for the core 
layer 300 which consists of organic polymeric material in slot 
to be imbedded,furthermore, to imbed core layer 300 those 
where topside cladding layer 400 was formed. 

[0007] 

Or, as shown in Figure 6 (b ), as for conventional 
PLCmodule, underside cladding layer 201 is formed on 
substrate 101, in order for core layer 301 where cross section 
consists of the organic polymeric material of rectangle on 
underside cladding layer 201 to be formed, to imbedded core 
layer 301 those where topside cladding layer 401 was formed. 

[0008] 

[Problems to be Solved by the Invention] 

But, conventional way when cross section shape of core layer 
30 0, 3 01 which becomes optical waveguide is PLCmodule 
of rectangular, while reflecting optical waveguide, had 
possibility where light path length of light which wave 
conduction is done becomes longabove necessity. 

Furthermore, transport loss and disorder of light were caused 
with the boundary of aspect and surface of rectangle. 

[0009] 

In conventional PLCmodule, fact that cross section shape of 
core layer 30 0, 3 01 becomes rectangle was because slot of 
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[0010] 
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[0011] 

¥ 3-15805 ^£ffi) 0 
[0012] 

$tlXl^(ftm 2000-105319 ^m)o 
[0013] 

[0014] 
[0015] 
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underside cladding layer 200 being in order to form with the 
etching in same way, regarding Figure 6 (b ), core layer 301 
itself isformed with etching , regarding Figure 6 (a ). 

[0010] 

Especially, Figure 6 (a ), slot or core layer 301 of underside 
cladding layer 200 whichconsists of polymeric material in 
(b ), because it is formed with oxidative degradation etching 
reaction of organic, being clean, could not form smooth core 
cladding interface. 

[0011] 

On one hand, high index of refraction transparent liquid state 
material is formed in only portion which on substrate prints 
detergent in stripe, method which forms optical waveguide 
where cross section of optical waveguide is close to round by 
hardening high index of refraction transparent liquid state 
materials disclosed, (Japan Unexamined Patent Publication 
Hei 3- 15805 disclosure). 

[0012] 

Or, on each substrate which was irradiated respectively with 
electron beam and ultraviolet light, method where cross 
section of optical waveguide forms optical waveguide of 
semicircle by contacting, polymerization solidification doing 
polymerizable monomer vapor, isdisclosed, (Japan 
Unexamined Patent Publication 2000-105 31 9 disclosure ). 

[0013] 

But, it is not something where these method designate cross 
section of the optical waveguide as round and make objective, 
effect quite is smallones with round of optical waveguide. 



[0014] 

this invention in order to solve above-mentioned problem, 
being clean,offers manufacturing method of optical 
waveguide which possesses optical waveguide of organic 
polymer type which possesses cross section of smooth round 
makes objective. 

[0015] 

[Means to Solve the Problems] 

It is something where manufacturing method of optical 
waveguide which relates to the this invention on group board 
which possesses oil repellancy domain vis-a-vis the reactivity 
oil liquid state prepolymer, forms optical waveguide pattern 
of lipophilic domain vis-a-vis aforementioned reactivity oil 
liquid state prepolymer, coating fabric does reactivity oil 
liquid state prepolymer on aforementioned substrate and 
forms aforementioned reactivity oil liquid state prepolymer on 
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[0018] 
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[0019] 
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[0021] 



aforementioned optical waveguide pattern,hardens 
aforementioned reactivity oil liquid state prepolymer on 
aforementioned optical waveguide pattern. 

[0016] 

Vis-a-vis reactivity oil liquid state prepolymer possesses oil 
repellancy domain on group board which, the optical 
waveguide pattern of lipophilic domain is formed with 
manufacturing method of optical waveguide which relatesto 
this invention, reactivity oil liquid state prepolymer coating 
fabric being done in only lipophilic domain reactivity oil 
liquid state prepolymer by coating fabric doing in optical 
waveguide pattern which is a lipophilic domain,reactivity oil 
liquid state prepolymer becomes circular cross section in 
self-aligning depending upon surface tension . 

Next, polymer optical waveguide of clean circular cross 
section can be acquired by hardening the reactivity oil liquid 
state prepolymer. 

[0017] 

Because it is something which uses patterning with surface 
characteristic of the contrast where this invention* oil 
repellancy and lipophilic are large, adhesion force of 
reactivity oil liquid state prepolymer which deposits in optical 
waveguide pattern is large, optical waveguide of clean 
circular cross section isacquired. 

[0018] 

[Embodiment of the Invention] 

Below, while referring to drawing, concerning embodiment in 
manufacturing method of optical waveguide of this invention, 
you explain. 

[0019] 

While referring to Figure 1, below (first embodiment ), 
concerning manufacturing method of optical waveguide of 
plane type which relates to first embodiment you explain. 

Furthermore, Figure 1 is step sectional view which shows 
manufacturing method of optical waveguiding circuit which 
relates to first embodiment. 

[0020] 

As shown in Figure 1 (a ), on alumina or other group board 1 , 
underside cladding layer 2 which consistsof poly fluoride 
methyl methacrylate of high fluorine concentration is formed 
with film thickness of 10;mu m. 

And, intermediate coating 5 where surface consists of 
polyvinyl alcohol of oil repellancy (oil repellancy domain )on 
underside cladding layer 2 is formed. 

[0021] 
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[0022] 

B l(b)lz^-TJ:5fc, Tffl^^Kl 2 CD 

6*hUvXh 7 £B!&*$>o 
[0023] 

B l(d)(=*-r *H/5*Xh7*Mt 

a»ttaii(aatt«i«)a)*aia»/^-> s 
9 4+nattn 5 £»*r 

[0024] 

8 ©IM*!**!^* ^tttLfctf, *©<fe 
0)*i«B/^-> 8 ©ff£#©«£B 2 [Ztf 

to 

B 2(a)tt*t* 2 #«L B 2(b)l*#»* 2 #(t % 
B 2(c)l4»* 3 B 2(d)(4 1 x 4 #tt<0jfc 

«2ftft0> Y 

■To 



[0025] 

AI^.B l(e)lc«*cfc3lc % «»tt©«Mi» 
U7?fc**;u>**UU-h?U7K'J-*-l4. * 



Here, "oil repellancy " with, property which possesses oil 
repellancy light, vis-a-vis reactivity oil liquid state 
prepolymer which at such as electron beam is a polymer 
precursor composition which curing reaction is done orheat is 
called, conversely "lipophilic 11 with, property which 
possesses the lipophilic vis-a-vis reactivity oil liquid state 
prepolymer is. 

Below, "oil repellancy ", "lipophilic " with it is these simply. 
[0022] 

As next, shown in Figure 1 (b ), photoresist 7 which possesses 
opening 6 stripe of width of 10;mu m on underside cladding 
layer 2 is formed. 

[0023] 

As next, shown in Figure 1 (d ), photoresist 7 is removed with 
conventional etching etc. 

Because of this, optical waveguide pattern 8 of lipophilic 
surface (lipophilic domain ) of stripe and intermediate coating 
5 which possesses oil repellancy domain 9 can be formed on 
underside cladding layer 2. 

Furthermore, surface which possesses domain of oil 
repellancy and lipophilic, also without using intermediate 
coating 5, can also form lipophilic domain easily by adding 
water soluble ionic surfactant to surface of underside cladding 
layer which possesses oil repellancy domain. 

[0024] 

Here, shape of optical waveguide pattern 8 made stripe in first 
embodiment, but exampleof shape of other optical waveguide 
pattern 8 is shown in Figure 2. 

As for Figure 2 (a ) as for symmetry two branches * Figure 2 
(b ) as for asymmetry two branches * Figure 2 (c ) as for the 
symmetry three branches* Figure 2 (d ) optical waveguide 
pattern of Ybranch shape of optical waveguide of 1 X 4 
branches is shown. 

Furthermore, according to formation method of 
above-mentioned optical waveguide pattern,being etching 
less, it can form optical waveguide pattern of various light 
splitting shape easily in addition to these. 

Therefore, also formation etc of precision optical waveguide 
like array waveguide lattice type dividingfilter is possible. 

[0025] 

As next, shown in Figure 1 (e ), in domain of lipophilic and 
on the group board which possesses domain of oil repellancy 
scattering fabric doing poly fluoride methyl methacrylate 
prepolymer in spray as reactivity oil liquid state prepolymer, 
when coating fabric it does, poly fluoride methyl methacrylate 
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[0027] 
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[0028] 
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prepolymer coating fabric being done only on the lipophilic 
domain which is a optical waveguide pattern 8 with property , 
forms prepolymer pattern 10. 

This time, as for poly fluoride methyl methacrylate 
prepolymer, as circular cross section form is formed in 
self-aligning with surface tension , surface forms smooth 
prepolymer pattern 10. 

As for prepolymer pattern 10, adjusting to width of optical 
waveguide pattern 8, because itbecomes narrow diameter, 
surface tension operating quite largely, as for cross section it 
becomes clean round. 

Here, circular cross section form, cross section circle and 
ellipse, or is shape whichis close to those. 

[0026] 

As next, shown in Figure 1 (f ), irradiating prepolymer pattern 
10 with ultraviolet light,etc it forms core layer 3 which 
becomes optical waveguide by doing curing reaction which it 
hardens. 

Furthermore, there is a urethane and a moisture vapor curing 
reaction etc of cyanoacrylate which arestarted with thermal 
crosslinking reaction which is represented in condensation 
polymerization . peroxide crosslinking which is represented 
in addition polymerization* polyimide or polyester which is 
represented in vinyl polymerization and reaction with 
moisture vapor in two-liquid mixing crosslinking reaction * 
air which is represented in the epoxy in curing reaction . 

[0027] 

As next, shown in Figure 1 (g ), intermediate coating 5 is 
removed with etching etc. 

Because of this, core layer 3 of circular cross section form is 
formed on underside cladding layer 2. 

Because polyvinyl alcohol which is a intermediate coating 5 
is water soluble polymer film, it can remove easilywith water. 

[0028] 

As next, shown in Figure 1 (h ), in order to imbed core layer 
3, forming poly fluoride methyl methacrylate of high fluorine 
concentration, it forms topside cladding layer 4 by hardening 
with the ultraviolet light etc. 

Furthermore, with when plane optical waveguide of step type 
is formed, fluoropolymer issuitable from fact that it is a 
structure where carbon fluoride structure lowers the index of 
refraction as material of topside cladding layer 4 or underside 
cladding layer 2. 

[0029] 
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[0032] 
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[0034] 



Above, manufacturing method of plane optical waveguide of 
first embodiment was explained, but the reactivity oil liquid 
state prepolymer which forms core layer 3 of optical 
waveguide, for example polymethylmethacrylate (PMMA ) 
and ultraviolet light curable vinyl resin, various 
photosensitive polysiloxane derivative, modified 
fluorination polysiloxane, photosensitive fluorinated 
polyimide, photosensitive epoxy resin, modified polyester 
resin which designate modified PMMA which introduces the 
alicylic group as basic structure, modified polycarbonate, 
urea resin, melamine resin, urethane resin, modified 
triazine resin and these copolymer or other oil liquid state 
polymer precursor (varnish ), or is solution. 

Furthermore, case of solution, curing reaction it does after 
coating and drying. 

optical waveguide of polymer of circular cross section form 
can be formed ideally with these material selection . 

[0030] 

Furthermore, above-mentioned vinyl type organic molecule, 
siloxane skeleton polymer, and condensation polymerization 
organic molecule or other polymer composition transparency 
are high, being necessary , it consists following kind of 
exemplary material. 

[0031] 

As vinyl type organic molecule, poly methyl methacrylate 
(PMMA ), fluorination PMMA, deuteration PMMA, 
crosslinking PMMA, alicylic group introduction modified 
PMMA, polyethyl methacrylate or other other things,there is 
a copolymer of other vinyl compound. 

[0032] 

As siloxane skeleton polymer, there are many modified 
polysiloxane, there is a photosensitive polysiloxane 
derivative, modified fluorination polysiloxane etc. 

In addition, siloxane skeleton polymer modified to be done 
can give various property easily withsuch as epoxy, 
urethane, acrylic, polyester , it is possible . 

[0033] 

As condensation polymerization organic molecule, there is a 
various modified polymer which modified is done with the 
fluorinated polyimide, thermosetting polyester, 
polycarbonate or other condensation polymer as skeleton, 
there is a photosensitive fluorinated polyimide, 
epoxy-modified polyester resin, acrylic-modified 
polycarbonate or other other many copolymer, derivative. 

[0034] 

In addition, this invention to form prepolymer pattern of 



Page 1 1 Paterra Instant MT Machine Translation 



JP2002202426A 



2002-7-19 



iB»tt4<*#<Kft#ri=il(*:ft-r*ta)A<» 
[0035] 

ft£*EALTJ*BU BBKtfliiLfcfrEB 

S*6tt#X^X^|zJ:oX«B»«LT OH 
[0036] 

MBtfxi*. 

[0037] 

•BB/<*->t»B-r**BiL-c\* i <d 

ttlcB*Lfc*<. ^coffeld*. (i)^xf^^ 

a«tt?u#UT-a>«iiBMB*»j*Lfc» 



circular cross section form with reactivity oil liquid state 
prepolymer,hardening that, because it is something which 
solidification it does, asfor reactivity oil liquid state 
prepolymer, circular cross section form of reactivity oil liquid 
state prepolymer largely without changing thosewhich 
solidification are done it is desirable with curing reaction 
process. 

From this point, as for reactivity oil liquid state prepolymer, 
one which is a liquid whichincludes monomer* dimer* 
oligomer or other reactivity solvent general solvent 
(unreactive solvent ) is included with incomparison, is more 
desirable. 

[0035] 

In addition, "oil repellancy " and surface of "lipophilic ", as 
description above when the thin film surface characteristic of 
reactivity oil liquid state prepolymer itself in varnish and 
above-mentioned solution is utilized is many in first 
embodiment, but mixing detergent s coupler* transparency 
regulator etc in liquid, film formation it did, when surface 
characteristic of aforementioned additive which was 
precipitated to surface is utilized, it is. 

As for technique which controls thin film surface 
characteristic by additive ,surface treatment doing with for 
example water, and oxygen and carbon tetrafluoride or other 
reactive gas plasma suchas OH group and introducing 
fluorine, method which surface improvement is donemany 
method are informed. 

[0036] 

As for surface of "oil repellancy ", it is formed by principle , 
with surface which molecule site (functional group ) of 
immiscible precipitated to reactivity oil liquid state 
prepolymer, surface of "lipophilic " is formed with surface 
which molecule site where compatibility isgood to reactivity 
oil liquid state prepolymer precipitated. 

When solubility parameter between surface precipitation basis 
which forms thoseeach surface differs largely, especially this 
effect is high. 

[0037] 

In addition, periphery being oil repellancy, on group board 
whichpossesses optical waveguide pattern of lipophilic, 
developing reactivity oil liquid state prepolymer, with first 
embodiment coating fabric it did reactivity oil liquid state 
prepolymer in spray, as method whichforms optical 
waveguide pattern of reactivity oil liquid state prepolymer, 
but in addition, (1) casting doing, themethod of depositing in 
lipophilic part amount. Soaking substrate in liquid which 
formed liquid surface development film of (2) reactivity oil 
liquid state prepolymer method of adsorbing into optical 
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[0041] 
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waveguide pattern portion of the lipophilic domain. With (3) 
Langmuir-Blodgett method deposit method, vaporized gas or 
spraying particle (mist ) of (4) reactivity oil liquid state 
prepolymer method of adsorbing from gas phase, or other 
various method can be utilized. 

[0038] 

In addition, as for diameter of circular cross section form of 
optical waveguide, when it makesin range where several ;mu 
m~500 ;mu m is wide is many, whenit is a gray Ted type, 
relatively when thick diameter is used is many, butin case of 
step type, that diameter 60;mu m or less quite is thin 
onesgenerally. 

One whose diameter of optical waveguide is small to operate, 
as for the surface tension largely, because it gets near to round 
from cross section, asfor this invention, like optical 
waveguide of step type, it is desirable to usefor method which 
forms optical waveguide of especially narrow diameter. 

[0039] 

(modified example of first embodiment ) And, as modified 
example of first embodiment, curing reaction doing 
prepolymer pattern 1 0, it soaks group board 1 which 
possesses core layer 3 which it formed, in the solution of tri 
fluoride methyl methacrylate dimer where fluorine 
concentration which is a low index of refraction conversion 
molecule is high constant time doping does tri fluoride methyl 
methacrylate dimer in core layer 3, in order about the outside 
of circular cross section of core layer 3 to become high 
concentration, maldistribution amount fabric it does tri 
fluoride methyl methacrylate dimer. 

[0040] 

Because of this, optical waveguide of gray Ted type can be 
acquired. 

Furthermore, optical waveguide of high performance gray 
Ted type where change over time is smallby ultraviolet light 
crosslinking doing core layer 3 which low index of refraction 
conversion molecule the doping is done, can be acquired. 

[0041] 

Furthermore, low molecular weight of same type as polymeric 
material which formed the core layer 3 as low index of 
refraction conversion molecule which dope is done, 
fluorination or, organic molecule of kind of molecular 
structure which is substituted with 3 fluoride methyl group is 
suitable. 

Generally optical resin to raise transparency with molecule 
cohesive structure as amorphous,because it has made structure 
which does not have birefringence, absorption rate of dopant 
. to be quick, because doping it is possible easily, as method of 



Page 13 Paterra Instant MT Machine Translation 



JP2002202426A 



2002-7-19 



[0042] 

yaws, anttt. ^fttti3«*t***a»A< 



[0043] 

ffl<bj**i*cts**LTfcy . «+a> 

[0044] 

ftfc.H 3(a)l*5t»iR!&a>¥ffiEL H 3(6)1*. 
H 3(a)(7) A-A «lz;tJofcl»aia-C**o 

[0045] 

**W<D#*»tt£fc*:a7l 3 14, £J£tt;fi 
[0046] 



[0047] 

ffiot, H 3 IZStf <fc5lc. £)i*®#$£S 3a (Z 

«ky*tti»***i«a>-e, 2 oo^u-t- x« 

»»H±*iS«ELTEul-r4Ci:(c<ky. -* 



doping, as description above method which is soakedin 
dopant solution was used. 

[0042] 

Or, if it selects alkyl group > alkoxy group, ester group, 
which possesses plasticizing effect as low index of refraction 
conversion molecule, or molecule which possesses carbonate 
group etc, the low index of refraction conversion molecule 
which doping is done even like plasticizer there is a merit that 
it works, can improve brittle (cracking ) of polymer optical 
waveguide of circular cross section form and, from it can 
form optical waveguide which is superior in the 
transparency, film forming behavior, uniformity. 

[0043] 

behavior where low index of refraction conversion molecule 
which possesses theabove-mentioned plasticizing effect is 
fixed with chemical bond outside polymer composition which 
is plasticized "internal plasticization" by immobilization 
reaction to be semantic , becoming soft segment in polymer 
layer, it does function which gives preferred mechanical 
property and optical property. 

[0044] 

Next, concerning end of optical waveguide which was formed 
with the manufacturing method in first embodiment you 
explain making use of Figure 3. 

Furthermore, as for Figure 3 (a ) as for top view. Figure 3 
(b ) of optical waveguide, itis a sectional view which parallels 
to line A-A of Figure 3 (a ). 

[0045] 

As for core layer 3 which becomes optical waveguide of this 
invention, in order toform making use of surface tension of 
reactivity oil liquid state prepolymer, as shown in Figure 3, 
the convex spherical surface endface 3a which is a convex 
spherical surface forms endface in self-aligning. 

[0046] 

Because of this, as for light which core layer 3 wave 
conduction is done,when from convex spherical surface 
endface 3a discharging to outside, as for that light itmeans 
with light collection to do. 

[0047] 

Therefore, as shown in Figure 3, because light light collection 
is done by convex spherical surface endface 3a, proximity 
doing 2 plane optical waveguide, when from on one hand 
plane optical waveguide incidence it does in plane optical 
waveguide of other, by arranging, theconnection where 
optical loss is little becomes possible. 
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In addition, when you connect with semiconductor laser and 
optical fiber, becauselight does not spread due to convex 
spherical surface end face 3 a, there is a merit thatconnected 
loss is little. 

[0048] 

In addition, circumstances which connect plane optical 
waveguide and photodetector which are produced by first 
embodiment are shown in Figure 4. 

[0049] 

As shown in Figure 4, connecting plane optical waveguide 
and photodetector 1 1 which havepossessed convex spherical 
surface endface 3a of convex lens shape in end of core layer 
3, with the optical adhesive 12 of photocuring which 
possesses index of refraction where index of refraction is 
lowerthan material of core layer 3 it formed incident light 
module. 

[0050] 

Because of this, when light which core layer 3 wave 
conduction is done from convex spherical surface endface 3a 
incident light doing in photodetector 1 1, that light does not do 
and isdone and scattering light collection incident light is 
done in photodetector 1 1 . 

Therefore, incident light module where optical loss is little 
can beactualized. 

[0051] 

While referring to Figure 5, below (second embodiment ), 
concerning manufacturing method of optical waveguide of 
plane type which relates to second embodiment you explain. 

Furthermore, Figure 5 is step sectional view which shows 
manufacturing method of optical waveguide which relates to 
second embodiment. 

[0052] 

As shown in Figure 5 (a ), on alumina or other group board 1 , 
underside cladding layer 2 which consistsof poly fluoride 
methyl methacrylate of high fluorine concentration is formed 
with film thickness of 10;mu m, intermediate coating 5 where 
surface consists of polyvinyl alcohol of oil repellancy on 
underside cladding layer 2 is formed. 

[0053] 

As next, shown in Figure 5 (b ), irradiating electron beam, 
while with the intermediate coating 5 digging underside 
cladding layer 2, crosslinking reaction doing, opening cross 
section forms the optical waveguide pattern 1 3 of concave 
shape circular arc of 10;mu m. 

This time, surface of recess of optical waveguide pattern 13 
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becomes lipophilic. 
[0054] 

As next, shown in Figure 5 (c ), lipophilic surface (lipophilic 
domain ) with on group board 1 itpossesses oil repellancy 
surface (oil repellancy domain ) scattering fabric doing poly 
fluoride methyl methacrylate prepolymer in the spray as 
reactivity oil liquid state prepolymer, when coating fabric it 
does, poly fluoride methyl methacrylate prepolymer 
thecoating fabric being done only on optical waveguide 
pattern 13 which is a domain of the lipophilic with property , 
forms prepolymer pattern 14. 

[0055] 

As next, shown in Figure 5 (d ), irradiating prepolymer 
pattern 14 with ultraviolet light,etc it forms core layer 3 which 
becomes optical waveguide by doing curing reaction which it 
hardens. 

Furthermore, there is a urethane and a moisture vapor curing 
reaction etc of cyanoacrylate which arestarted with thermal 
crosslinking reaction which is represented in condensation 
polymerization* peroxide crosslinking which is represented 
in addition polymerization* polyimide or polyester which is 
represented in vinyl polymerization and reaction with 
moisture vapor in two-liquid mixing crosslinking reaction* 
air which is represented in the epoxy in curing reaction . 

[0056] 

Next, intermediate coating 5 is removed with etching . 

Because of this, core layer 3 of circular cross section form is 
formed on underside cladding layer 2. 

Because polyvinyl alcohol of intermediate coating 5 is water 
soluble polymer film, it can remove easily withwater. 



[0057] 

As next, shown in Figure 5 (e ), in order to imbed core layer 
3, forming poly fluoride methyl methacrylate of high fluorine 
concentration, it forms topside cladding layer 4 by hardening 
with the ultraviolet light etc. 

[0058] 

Regarding second embodiment, furthermore, it becomes 
something where cross section of optical waveguide is close 
to portion of true circle by forming optical waveguide pattern 
of lipophilic in concave shape circular arc. 

Furthermore, as for diameter of optical waveguide, because it 
is influencedwith size of round circular arc, optical waveguide 
of desired diameter can be formedeasily. 

[0059] 
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Furthermore, optical waveguide pattern 1 3 of round circular 
arc, like second embodiment to other than the direct method, 
can also form with electron beam drawing with 
photolithography and ink jet method etc. 

In addition, when size of round circular arc is large, it can 
form evenwith embossing (Pressure). 

This time, to designate surface as lipophilic, if it grants 
lipophilic molecule to surface, or surface molecule converts to 
lipophilic group, it is acquiredeasily. 

for example water, surface treatment doing with oxygen, or 
carbon tetrafluoride or other reactive gas plasma introducing 
OH group and fluorine, there is a method which surface 
improvement is done. 

[0060] 

In addition, like photolithography when coating fabric it does 
photo resist,considering property of surface of underside 
cladding layer 2, coating fabric which had affinity in surface 
of underside cladding layer 2 it is necessary to use photoresist 
solution which it is easy to do. 

It can control surface characteristic of this photoresist 
solution, easily with detergent. 

[0061] 

[Effects of the Invention] 

It is something which forms optical waveguide of circular 
cross section form in self-aligning byfact that this invention 
forms oil repellancy domain and lipophilic domain on 
substrate vis-a-vis reactivity oil liquid state prepolymer, is 
applied to reactivity oil liquid state prepolymer to lipophilic 
domain, with the surface tension of reactivity oil liquid state 
prepolymer. 

Because of this, being clean, it can acquire optical waveguide 
of smooth circular cross section. 

Therefore, because cross section of optical waveguide is 
round, it can make cross section in past small in comparison 
with optical waveguide of rectangle, notto limit transport loss 
and disorder of light. 

[0062] 



In addition, because, reactivity oil liquid state prepolymer 
does not deposit completely in the oil repellancy domain , 
patterning where SN ratio which does not have soiling ishigh 
becomes possible. 

This as for deposit characteristic which is superior, fluorine 
type materialwhich is used for this invention, by fact that 
difference in the surface activity where solubility parameter 
between silicon resin material* general organic material* 
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lipophilic material quite is largeis utilized. 
[0063] 

In addition, according to this invention, etching and 
photolithography withoutrepeating many degrees, there is a 
beneficial effect that high performance optical waveguide 
isacquired with simple process. 

[Brief Explanation of the Drawing(s)] 

[Figure 1] 

step sectional view of manufacturing method of optical 
waveguide which relates to first embodiment of the this 
invention 

[Figure 2] 

optical waveguide pattern of optical waveguide is shown 
figure 

[Figure 3] 

end of optical waveguide which was formed with 
manufacturing method of optical waveguide in this invention 
is shown figure 

[Figure 4] 

optical waveguide and photodetector which were formed with 
manufacturing method of optical waveguide in this invention 
were connected figure 

[Figure 5] 

step sectional view of manufacturing method of optical 
waveguide which relates to second embodiment of the this 
invention 

[Figure 6] 

sectional view of conventional optical waveguide 
[Explanation of Symbols in Drawings] 
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